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1. Title of the Invention : SEMICONDUCTOR AND ITS MANUFACTURING 

DEVICE 

2 . Claims 

1. A semiconductor device, characterized by the fact that 
in a semiconductor device in which an active element, a 
capacitor, and a thin-film resistor are integrated, the thin-film 
resistor is disposed on a thin-film resistor formation region on 
an insulating film on a semiconductor substrate on which the 
active element is formed; the thin-film resistor and a wiring 
metal are laminated on an oxide film being a dielectric of an 
oxide film being a dielectric of the capacitor formation region 
on said semiconductor substrate. 

2. A method for manufacturing a semiconductor device, 
characterized by consisting of a first process that removes an 
insulating film of a capacitor formation region and a contact 
hole formation region of an insulating film formed on a 
semiconductor substrate on which an active element is formed, a 
second process that forms an oxide film in the part from which 
the insulating film is removed by the first process, a third 

^Numbers in the margin indicate pagination in the foreign 

text . 
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process that disposes a thin-film resistor on the oxide film of 
the capacitor formation region of the oxide film formed by the 
second process, and a fourth process that removes the oxide film 
of the contact hole formation region formed by the second process 
using the thin-film resistor of the capacitor formation region 
formed by the third process using a mask by etching. 

3. The semiconductor device of Claim 1, characterized by 
the fact that a barrier metal is disposed between the thin-film 
resistor and the wiring metal. 

4. The semiconductor device of Claim 1, characterized by 
having a thin-film resistor being constituted by laminating a 
thin-film resistor with a low sheet resistance on a thin-film 
resistor having a high sheet resistance and a thin-film high 
resistor being constituted by removing the thin-film resistor 
with a low sheet resistance other than the wiring electrode in 
this two-layer structure, 

3 . Detailed explanation of the invention 

(Industrial application field) 

The present invention pertains to a semiconductor device in 
which an active element, a capacitor, and a thin-film resistor 
are integrated. 

(Prior art) 

Since the CrSi system thin-film resistor has a high sheet 
resistance and a small temperature coefficient of resistance 
(TCR) , it has been used as a thin-film resistor being integrated /2 



3 



in an IC or LSI. 

(Problems to be solved by the invention) 

However, in the IC including a high-precision capacitor, a 
silicon oxide film being a dielectric of a capacitor part is 
etched during etching of the thin-film resistor, and a capacity 
inferiority of the capacitor and a dielectric withstand voltage 
inferiority are caused. 

The purpose of the present invention is to provide a 
semiconductor device having a capacitor with high precision while 
avoiding a capacity inferiority and a dielectric withstand 
voltage inferiority. 
(Means to solve the problems) 

The essence of a first invention is a semiconductor device 
characterized by the fact that in a semiconductor device in which 
an active element, a capacitor, and a thin-film resistor are 
integrated, the thin-film resistor is disposed on a thin-film 
resistor formation region on an insulating film on a 
semiconductor substrate on which the active element is formed; 
the thin-film resistor and a wiring metal are laminated on an 
oxide film being a dielectric of an oxide film being a dielectric 
of the capacitor formation region on said semiconductor 
substrate . 

The essence of a second invention is a method for 
manufacturing a semiconductor device characterized by consisting 
of a first process that removes an insulating film of a capacitor 
formation region and a contact hole formation region of an 
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insulating film formed on a semiconductor substrate on which an 
active element is formed, a second process that forms an oxide 
film in the part from which the insulating film is removed by the 
first process, a third process that disposes a thin-film resistor 
on the oxide film of the capacitor formation region of the oxide 
film formed by the second process and disposes the thin-film 
resistor in the thin-film resistor formation region on the above- 
mentioned insulating film, and a fourth process that removes the 
oxide film of the contact hole formation region formed by the 
second process using the thin-film resistor of the capacitor 
formation region formed by the third process using a mask by 
etching. 

The essence of a third invention is a semiconductor device 
characterized by the fact that a barrier metal is disposed 
between the thin-film resistor and the wiring metal in addition 
to the first invention. 

The essence of a fourth invention is a semiconductor device 
characterized by having a thin-film resistor being constituted by 
laminating a thin-film resistor with a low sheet resistance on a 
thin-film resistor having a high sheet resistance and a thin-film 
high resistor being constituted by removing the thin-film 
resistor with a low sheet resistance other than the wiring 
electrode in this two-layer structure in addition to the first 
invention , 
(Operation) 

In the first invention, the thin-film resistor is disposed 
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on the thin-film resistor formation region on the insulating film 
on the semiconductor substrate on which the active element is 
formed, and the thin-film resistor and the wiring metal are 
sequentially laminated on the oxide film being a dielectric of 
the capacitor formation region on said semiconductor substrate. 
As a result, the oxide film of the capacitor is covered with the 
thin-film resistor, and when the thin-film resistor is etched, 
the capacity inferiority of the capacitor and the dielectric 
withstand voltage inferiority being generated due to etching of 
the oxide film of the capacitor are avoided. 

In the second invention, an insulating film of a capacitor 
formation region and a contact hole formation region of an 
insulating film formed on a semiconductor substrate on which an 
active element is formed are removed by the first process. An 
oxide film in the part from which the insulating film is removed 
by the first process is formed by the second process. A thin- 
film resistor on the oxide film of the capacitor formation region 
of the oxide film formed by the second process is disposed by the 
third process, and the thin-film resistor is disposed in the 
thin-film resistor formation region on the above-mentioned 
insulating film. The oxide film of the contact hole formation 
region formed by the second process using the thin-film resistor 
of the capacitor formation region formed by the third process 
using a mask is removed by the fourth process. 
Application example 

Next, an application example of the present invention is 
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explained according to the figures. 

Figure 1 shows the semiconductor device of this application 
example, and Figures 2-6 show its manufacturing processes. As 
shown in Figure 1, a bipolar transistor 1 as an active element, a 
capacitor 2, and a thin-film high resistor 3 with a high 
resistance value and a thin-film low resistor 4 with a low 
resistance value are integrated. 

As shown in Figure 2, a type region (embedding layer) 6 
is formed on a (111) P" type silicon substrate 5 using antimony 
as an impurity atom. Next, a N type region 7 of 2-3 Q-cm is 
formed by an epitaxial method. Then, with a heat treatment at 
1,150°C using boron and phosphorus as impurity atoms, an 
isolation region 8 and a deep region 9 are formed. Then, 
after removing the silicon oxide film being formed during the 
heat treatment is removed with a HE system etching solution, and 
a silicon oxide film 10 of 6,000 A is formed in a wet O2 

atmosphere at 1,000°C. 

The next process is explained using Figure 3. A base 
formation region 11 of the bipolar transistor, a collector 
contact formation region 12 of the bipolar transistor, and a 
silicon oxide film 10 of the capacitor formation part 13 are 
removed by an ordinary photoetching technique. Next, using a wet 
HCl oxidation at 860°C, a thin silicon oxide film 14 is formed in 

the etching part. 

Next, with a boron ion injection being applied to the entire 
surface, using the silicon oxide film 10 as a stopper of the ion 
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injection, boron atoms are injected into the base region of the 
bipolar transistor without a photoprocess . Then, with a heat 
treatment at 1,100'*C, a base region 15 of the bipolar transistor 
is formed. At that time, boron is also injected into the 
collector contact region 12 and the capacitor formation region 
13, however the deep region 9 is richer than the base impurity 
concentration, this region is not inverted to a P type. 

Furthermore, phosphorus is ion-injected using a resist as a 
mask and heat-treated at 1,050°C, so that an emitter region 16 of 
the bipolar transistor is formed. The result is shown in Figure 
3. 

The next process is explain using Figure 4. A BPSG film 17 
is formed at 7,000 A on the entire surface by a normal-pressure 
CVD method, and the step part is planarized (reflow) by heat- 
treating at 950°C. Furthermore, using a photoetching technique, 
contact hole formation regions 18, 19, 20, and 21 and a capacitor 
formation region 22 in the silicon oxide film 14 and the BPSG 
film 17 are removed. The result is shown in Figure 4. 

The next process is explained using Figure 5. A thin 
silicon oxide film 23 is formed at 1,000 A by a wet HCl 
oxidation. Then, using a sputtering method, a CrSi thin-film 
resistor 24 is formed at a thickness of 200 A on the entire 
surface. Furthermore, a TiW film 25 as a barrier metal is formed 
at 1,800 A. Then, using a resist 26 as a mask and the silicon 
oxide film 23 as a stopper, the above-mentioned CrSi thin-film 
resistor 24 and TiW film 25 except for the thin-film resistor 



8 



formation region and the capacitor formation region are removed 
by the photoetching technique. The result is shown in Figure 5. 

The next process is explained using Figure 6. While leaving 
the resist 26, if the thin silicon oxide film 23 in the contact 
hole formation regions 18, 19, 20, and 21 is removed with a HF 
system etching solution, the contact hole is formed as shown in 
Figure 6. At that time, since the etching rate of the BPSG film 
17 and the thin silicon oxide film 23 is almost the same, the 
film thickness of the BPSG film 17 is seldom reduced, compared 
with the case where the PSG film is used. 

The next process is explained using Figure 1. After forming 
an aluminum wiring layer 27 by the sputtering method, the TiW 
film 25 of the thin-film high resistor 3 is removed by the 
photoetching technique and aluminum-sintered in a H2-N2 gas. As 
a result, the thin-film high resistor 3 with a high resistance 
value and the thin-film low resistor 4 with a low resistance 
value are formed. In other words, two kinds of thin-film 
resistors 3 and 4 with a sheet resistance of 500 Q/D of CrSi and 
a sheet resistance of 10 Q/D having a CrSi+TiW laminated 
structure. In this manner, a semiconductor device in which two 
thin-film resistors 3 and 4, capacitor 2, and bipolar transistor 
1 are integrated is formed. At that time, during the heat 
treatment in the aluminum sintering, the TiW film 25 prevents the /4 
resistance value change and the TCR (resistance temperature 
coefficient) change due to the interdif fusion of the CrSi thin- 
film resistor 24 and the aluminum wiring. 
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In this application example, the CrSi thin-film resistor 24 
is disposed in the thin-film resistor formation region on the 
silicon oxide film 10 (insulating film) on the silicon substrate 
(deep N"^ region 9) on which the bipolar transistor 1 (active 
element) is formed, and the CrSi thin-film resistor 24, TiW film 
25 (barrier metal), and aluminum wiring layer (wiring metal) are 
sequentially laminated on the silicon oxide film 23 being a 
dielectric of the capacitor formation region on the silicon 
substrate, so that the capacitor part has an Al/TiW/CrSi/Si02 
structure. As a result, compared with the Al/SiOs structure in 
which the silicon oxide film and the wiring metal are 
sequentially laminated on the silicon substrate (deep region) 
which is an ordinary capacitor structure, the silicon oxide film 

23 of the capacitor is covered with the CrSi thin-film resistor 

24 and the TiW film 25, and the silicon oxide film 23 is formed 
by a thermal oxidation and is not exposed to an etching 
atmosphere, so that a capacity inferiority and a dielectric 
withstand voltage inferiority of the capacitor are not caused. 
Also, during the aluminum sintering and after the IC manufacture, 
TiW and CrSi act as carrier layers under a high-temperature 
atmosphere, and the reaction of 4A1 + 3Si02 -> 2AI2O3 + 3Si 
reaction is prevented, so that the silicon oxide film 23 is not 
invaded. The reason for this is that TiW is dense, Al is not 
diffused, and the absolute value of the generation free energy of 
Cr, W, and Ti oxide is smaller than that of an aluminum oxide and 
is difficult to be reacted. 
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Also, as shown in Figure 1, without using the above- 
mentioned TiW film 25, the silicon oxide film 23 being a 
dielectric, CrSi thin-film resistor 24, and wiring metal 
(aluminum wiring layer 27) are sequentially laminated on the 
silicon substrate (deep N*" region 9), so that an Al/CrSi/SiOs 
structure may also be formed. 

Furthermore, in this application example, a thin-film low 
resistor 4 being constituted by laminating the TiW film 25 (thin- 
film resistor) with a low sheet resistance on the CrSi thin-film 
resistor 24 with a high sheet resistance and the TiW film 25 
(thin-film resistor) with a low sheet resistance and the thin- 
film high resistor 3 being constituted by removing the TiW film 
25 (thin-film resistor) with a low sheet resistance except for 
the wiring electrode in this two-layer structure were arranged. 
In other words, two kinds of (CrSi) with a sheet resistance of 
500 □/□ and (CrSi+TiW laminated structure) with a sheet 
resistance of 10 Q/D can be formed. In the prior art, when 
several resistance elements with several resistance values are 
integrated, CrSi, etc., are formed on the entire surface of the 
substrate by vapor deposition, etc., and etched to obtain 
patterns with various lengths and widths having desired 
resistance values, however in the conventional method, since the 
sheet resistance of the thin-film resistor is one kind, the 
pattern area of the resistor is broadened by the resistance value 
of the resistor required, so that the chip area is enlarged. As 
a result, the yield was lowered, and the cost was raised. 

11 



However, in this application example, unlike the prior art, the 
resistance pattern area can be reduced, and the chip area can be 
reduced. Furthermore, since the thin-film resistance formation 
process is simple, the semiconductor device is miniaturized, and 
the cost can be lowered. 

Furthermore, the CrSi + TiW laminated structure resistor 
(thin-film low resistor 4) has a film thickness of 2,000 A and 
is 10 times thicker than 200 A of the film thickness of the CrSi 
thin-film resistor (thin-film high resistor 3), and an allowable 
fusing current value can be increased. Therefore, this structure 
is strong against serge and noise and can be used in the input 
protection resistance of a monolithic IC. 

Furthermore, when the thin-film resistors 3 and 4, capacitor 
2, and bipolar transistor 1 are integrated, the manufacturing 
processes include a first process that removes the silicon oxide 
film (insulating film ) of the capacitor formation region 22 and 
the contact hole formation regions 18, 19, 20, and 21 of the 
silicon oxide films 10 and 14 (insulating films) formed on the 
silicon substrate on which the bipolar transistor 1 (active 
element) is formed, a second process that forms the silicon oxide 
film 23 in the part from which the silicon oxide film 14 
(insulating film) is removed by the first process, a third 
process that disposes the CrSi thin-film resistor 24 on the 
silicon oxide film 23 of the capacitor formation region 22 of the 
silicon oxide film 23 formed by the second process, and a fourth 
process that removes the silicon oxide film 23 of the contact 
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hole formation regions 18, 19, 20, and 21 formed by the second 
process using the CrSi thin-film resistor 24 of the capacitor 
formation region 22 formed by the third process as a mask by 
etching. Therefore, in the prior art, when the thin-film 
resistors 3 and 4 and the capacitor 2 were integrated on the 
bipolar transistor 1, the number of mask was increased, and the 
number process was increased, so that the cost was raised. 
However, in this application example, unlike the prior art, the 
capacitor 2 and the thin-film resistor 4 can be formed simply by 
adding one sheet of mask to the manufacturing processes of the 
bipolar transistor 1. Furthermore, the thin-film resistor 3 can 
be formed simply by adding another sheet of mask. 

Also, in the contact hole, since the thin silicon oxide film 
23 of the capacitor part is covered with the CrSi thin-film 
resistor 24, TiW film 25, and resistor 26, it can be formed by a 
washout method without a photoprocess . 

As an undercoat of the CrSi system thin film, a PSG film has 
been used, and when the CrSi system thin film is etched, the PSG 
film is etched. However, in this application example, if the 
BPSG film 17 is used, the etching rate is almost the same as that 
of the silicon oxide film 23, whereas in the PSG film, the 
etching rate is 2-3 times faster than that of the silicon oxide 
film 23. Thus, during the washout of the contact and during 
etching of the CrSi thin-film resistor 24, the reduction of the 
film thickness of the field film (silicon oxide film 10) and the 
reduction of the amount of phosphorus are prevented. 



13 



Furthermore, during the emitter diffusion of the bipolar 
transistor, the PSG film is formed, and if the PSG film of the 
element part is removed, the gettering effect of movable ions 
such as Na disappears, so that a high-temperature characteristic 
inferiority and a reliability inferiority are caused. However, 
in this application example, the BPSG film 17 is used, and the 
phosphorus, which is important as the gettering of contamination 
of movable ions such as Na, exists in a wide range in the depth 
direction in the BPSG film 17. For this reason, the reduction of 
the amount of phosphorus during etching with a HF system etching 
solution being used in etching of the CrSi thin-film resistor 24 
or a CF4 system etching gas is little. Also, the emitter region 
16 of the bipolar transistor is formed by the ion injection, 
scattering is little, compared with the formation by the gas 
diffusion, so that highly stable element characteristics can be 
obtained. 

Also, the present invention is not limited to the above- 
mentioned application example, and for example, the active 
element may also be a MOS transistor, in addition to the bipolar 
transistor, and it may also be applied to CMOSIC, Bi-MOSIC, and 
Bi-CMOSIC. Also, the present invention may be applied to a 
bipolar IC including other active elements and passive elements. 
Furthermore, the insulating film may be LOCOS oxide films. 
(Effects of the invention) 

As mentioned above, according to the present invention, 
while avoiding the capacitor inferiority and the dielectric 
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withstand voltage inferiority, a semiconductor device having a 
high-precision capacitor can be provided. 



4 . Brief description of the figures 

Figure 1 is a cross section showing the semiconductor device 
of an application example. Figure 2 is a cross section for 
explaining the manufacturing process of the semiconductor device. 
Figure 3 is a cross section for explaining the manufacturing 
process of the semiconductor device. Figure 4 is a cross section 
for explaining the manufacturing process of the semiconductor 
device. Figure 5 is a cross section for explaining the 
manufacturing process of the semiconductor device. Figure 6 is a 
cross section for explaining the manufacturing process of the 
semiconductor device. Figure 7 is a cross section showing the 
semiconductor device of another example. 
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23 Silicon oxide film 

24 CrSi thin-film resistor 

25 TiW film as a barrier metal 

27 Aluminum wiring layer as a wiring metal 

// Insert Figures 1-7 // 

1 Bipolar transistor 

2 Capacitor 

3 Thin-film high resistor 

4 Thin film low resistor 
10 Silicon oxide film 

23 Silicon oxide film 

24 CrSi thin-film resistor 

25 TiW film 

27 Aluminum wiring layer 

Figure 4 : 

14 Silicon oxide film 

18 Contact hole formation region 

19 Contact hole formation region 

20 Contact hole formation region 

21 Contact hole formation region 

22 Capacitor formation region 

Figure 5: 

10 Silicon oxide film 

23 Silicon oxide film 
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24 CrSi thin-film resistor 



Figure 7 : 

1. Bipolar transistor 

2. Thin-film resistor 

3. Capacitor 
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